Aims-To compare the expression of S100 protein, a-smooth muscle actin (a-SMA) and keratin 19 in odontogenic myxomas and non-odontogenic myxoid lesions. Methods-Formalin fixed, paraffin wax embedded tissue from seven odontogenic myxomas, three soft tissue myxomas, six hyperplastic myxoid dental follicles, two intramuscular myxomas, 12 cardiac myxomas, and seven normal dental follicles were examined immunocytochemically for S100 protein, a-SMA and cytokeratin 19 using the Streptavidin-biotin method. Results-A minority of odontogenic myxomas (three of seven) were positive for S100 and the staining was of moderate intensity and in all myxofibroblasts. Soft tissue myxomas, normal dental follicles, intramuscular myxomas, and most enlarged myxoid follicles were negative. In the cardiac myxomas the cells forming cords and islands were positive in approximately half (seven of 12), but the dispersed steilate myxoblasts were positive in only two cases. A population of cells in all the odontogenic myxomas and hyperplastic dental follicles contained a-SMA, but such cells were sparse in cardiac myxomas and present in only four cases. Cytokeratin 19 was present in odontogenic epithelium of odontogenic myxoma and follicles.
Odontogenic myxoma is a characteristic gelatinous, slow-growing, expansile benign jaw tumour. It presents most commonly during the second or third decade, may be slightly commoner in women and is considered to affect only the jaws, particularly the mandible."A The histogenesis and differentiation of myxomas are a subject ofdebate. The World Health Organisation and many authorities consider the jaw myxoma to be an odontogenic tumour on the basis of its site, which is exclusive to the jaws,5 occasional association with missing teeth and the inclusion of islands of presumed odontogenic epithelium. It also has a close histological similarity to dental tissues such as follicle and papilla and other odontogenic tumours such as ameloblastic fibroma. However, this evidence is circumstantial and has been challenged4 because the appearances, whilst consistent with odontogenic ectomesenchyme, could also represent a more primitive fibroblastic or undifferentiated tissue.
Odontogenic myxomas are considered quite distinct from myxomas and fibromyxomas elsewhere in the body, many of which are thought to represent myxoid degeneration-for example, in nerve sheath tumours. A neural origin for cardiac myxoma is supported by immunohistochemistry demonstrating neural markers67 and pericellular basal lamina. 6 Histologically, however, all myxomas are very similar and have no characteristic features to distinguish them. Differentiation of neural and odontogenic myxomas is problematic and there have been occasional reports of S 100 positivity in odontogenic myxoma. 8 10 We have therefore performed an immunocytochemical investigation of odontogenic myxomas, intramuscular and cardiac myxomas, and a variety of normal myxoid tissues with which myxoma is frequently confused by those unfamiliar with odontogenic lesions."-"' The aims were to ascertain the diagnostic value of routine S100 and a-smooth muscle actin (o-SMA) immunostaining in these tissues and by cytokeratin 19 Sections were stained with haematoxylin and eosin and immunohistochemically using the Streptavidin-biotin peroxidase complex method (Dako, High Wycombe, UK). Representative, 4gjm thick sections were dewaxed, rehydrated and endogenous peroxidases quenched in methanolic hydrogen peroxide before blocking non-specific binding in the corresponding non-immune serum. Antibodies (Dako) directed against S100 (polyclonal, diluted 1 in 300, 0-1 % trypsin 10 minutes), a-SMA (monoclonal clone 1A4, diluted 1 in 100) and cytokeratin 19 (monoclonal clone RCK 108, diluted 1 in 50, 0-1 % trypsin 10 minutes) were applied to each section for one hour at room temperature. Binding was visualised using biotinylated secondary antibody and the Streptavidin-biotin peroxidase complex developed with diaminobenzidine. Negative controls were performed by substituting primary antibody with non-immune serum of another species or phosphate buffered saline. Appropriate tissues were used as positive controls when no intrasectional control tissue was present.
Results
All myxomas were considered histologically typical. Odontogenic myxomas comprised stellate and spindle cells lying in copious myxoid matrix. Five of the seven lesions were fibromyxoid and also contained a small amount of finely fibrillar collagen. Rests or islands of odontogenic epithelium were present in only one case. Lesional tissue from the cardiac myxomas was closely similar or identical and no cases showed glandular differentiation.
Immunohistochemical results are summarised in the table. The myxoid tissues of the dental papilla and dental follicle in embryonic tooth germs, adult dental follicles and follicles showing myxoid enlargement were negative for S100, except for one myxoid follicle which showed a weak but generalised positivity. A variable number of ot-SMA labelled cells were present in all but one of the enlarged myxoid follicles and in three of seven of the normal follicles. Cytokeratin 19 was found in the odontogenic epithelium of tooth germs, in the odontogenic epithelial rests of all normal dental follicles ( fig 1) and in all the myxoid follicles which contained epithelium. In the negative case the odontogenic epithelium was completely mineralised.
In the odontogenic myxomas positive staining for S100 was found in three cases (fig 2) . The staining intensity varied from weak to moderate and was present in all cells in two cases and had a patchy distribution in one case. Odontogenic myxomas, myxoid follicles and cardiac myxomas showed frequent ot-SMA positive cells. In the odontogenic myxomas staining was of moderate intensity, but was generalised. In the enlarged follicular tissues there was more likely to be patchy staining or a more strongly stained outer layer and in the positively stained minority of the normal follicles the staining was also patchy. Cytokeratin 19 was consistently expressed by all the epithelium in the single case of odontogenic myxoma in which epithelium was present. All of the enlarged myxoid follicles and one normal dental follicle contained S100 positive nerve fibres. No nerve fibres were detected in any odontogenic myxomas by S100 staining.
Stellate or spindle cells in cardiac myxomas were positively stained for 8100 protein in only two of the 12 specimens (fig 3) but a much higher proportion ofpositive staining was noted in the cords and islands of more condensed cells, which were immunolabelled in seven of S Figure 1 Dental follicle containing an island of odontogenic epithelium which shows strong immunopositivity for cytokeratin 19 togenic myxoma may be easily confused," or in soft tissue myxomas. S100 positivity was seen only in a small minority of odontogenic y stained cells myxomas but may be moderately strong and and basaloid generalised. Unfortunately, even if positive, Jp to 50% of S100 staining cannot reliably differentiate myxining intensity oma from enlarged follicles because we found ur of the 12 one follicle in which there was weak but gen-,arse oa-SMA eralised staining.
lifferentiation
It was noticeable that S100 detected small -ytokeratin 19 nerve bundles in normal and enlarged myxoid dental follicles, as would be expected. However, no nerves were seen in the sections of odontogenic myxomas stained with S100. This is unexpected given the expansile gelatinous mmon lesions nature of the myxoma which envelopes Lnd are easily surrounding tissues and while no definite rodontogenic conclusions can be drawn from this, albeit s unclear but relatively large series, it appears that this feature distinct from might help distinguish myxomas Smooth muscle actin, a marker of myofibroblastic differentiation, was detected in a minority population of stellate and spindle cells all within the hyperplastic dental follicles and the odontogenic myxomas, consistent with a previous immunocytochemical'6 and ultrastructural1623 studies. One third of the cardiac myxomas examined contained similarly sparse oc-SMA positive cells, as has also been reported previously,7 and this low proportion ofcells is a common finding in many fibroblastic lesions.
Cytokeratin 19 was detected in the epithelial islands and rests within a single jaw myxoma and dental follicles. No glandular differentiation or epithelium was present in the cardiac myxomas. Cytokeratin 19 is expressed basally in non-cornified, stratified and many simple epithelia, and is not specific to odontogenic epithelium. However, all odontogenic epithelium and tumours derived from it are thought to express this cytokeratin24 and this finding adds to the circumstantial evidence which suggests that the epithelium is odontogenic. It does not directly reflect the histogenesis of the myxoma because many myxomas contain no epithelium. 25 In conclusion, a minority of odontogenic myxomas and occasional enlarged myxoid follicles, but not normal odontogenic mesenchyme, may stain positively for S100 protein. This is important in differential diagnosis as S100 cannot be used to differentiate odontogenic myxoma from myxoid nerve sheath tumours. The finding that myxomas did not contain S100 positive nerve bundles bears further investigation as it may differentiate myxoma from enlarged myxoid follicle, a common diagnostic problem.
